Equilibrium particle densities near a hard wall are studied for a quantum fluid made of point charges which interact via Coulomb potential without any regularization. In the framework of the grand-canonical ensemble, we use an equivalence with a classical system of loops with random shapes, based on the Feynman-Kac path-integral representation of the quantum Gibbs factor. After systematic resummations of Coulomb divergences in the Mayer fugacity expansions of loop densities, there appears a screened potential f. It obeys an inhomogeneous Debye-Hückel equation with an effective screening length which depends on the distance from the wall. The formal solution for f can be expanded in powers of the ratios of the de Broglie thermal wavelengths l a 's of each species a and the limit of the screening length far away from the wall. In a regime of low degeneracy and weak coupling, exact analytical density profiles are calculated at first order in two independent parameters. Because of the vanishing of wave-functions close to the wall, density profiles vanish gaussianly fast in the vicinity of the wall over distances l a 's, with an essential singularity in Planck constant (. When species have different masses, this effect is equivalent to the appearance of a quantum surface charge localized on the wall and proportional to ( at leading order. Then, density profiles, as well as the electrostatic potential drop created by the charge-density profile, also involve a term linear in ( and which decays exponentially fast over the classical Debye screening length t D . The corresponding contribution to the global surface charge exactly compensates the charge in the very vicinity of the surface, so that the net electric field vanishes in the bulk, as it should.
INTRODUCTION

Issue at Stake
In the present paper, an extended version of which can be found on the web,
(1) the equilibrium density profiles in a quantum fluid of point charges are studied in the vicinity of an impenetrable hard wall. The wall, which occupies the semi-infinite region x < 0, has no internal structure and its dielectric constant is the same as that of the medium where charges move. On the contrary, the fluid made of n s particle species is described at the microscopic level in the framework of quantum statistical mechanics. Two point charges e a and e aOE (where a is a species index) interact via the electrostatic interaction e a e aOE v(r − rOE), where
in Gauss units. ( The charge e a includes a factor 1/`E m in energy terms when charges are embedded in a continuous medium with a relative dielectric constant E m with respect to the vacuum.) The interaction is translationally invariant, and the anisotropy lies only in the geometric constraint enforced by the presence of the wall. The exact analytical expressions of the density profiles r a (x)'s are obtained in a regime where exchange effects are negligible and where Coulomb coupling is weak. Results hold for the electron-hole gas in an intrinsic semi-conductor in the vicinity of a junction or for a dilute and hot quantum plasma near a vessel wall. The interesting point of the model is that it exhibits how a quantum charge effect, gaussianly localized over de Broglie thermal wavelengths in the vicinity of the wall, is carried by long-range Coulomb interactions up to larger distances from the wall, with an exponential decay over a scale equal to the coulombic screening length. Indeed, whereas the density in a classical ideal gas is uniform in the whole region x > 0 and is discontinuous on the wall surface, the quantum density is continuous and vanishes at x=0, because of the continuity of wave-functions and their cancellation inside the impenetrable wall. At the inverse temperature b=1/k B T (where k B is Boltzmann constant), in a low-degeneracy limit quantum statistics is reduced to Maxwell-Boltzmann statistics, and the density r 
